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Introduction

 The Maine Governor’s Energy Office (GEO) sought technical assistance for a resilience-focused
pilot program.
 GEO, with NLR support, provided focused assistance in the use of the REopt tool to conduct
feasibility and design analysis for resilience projects in Maine municipalities.
* Three communities were chosen for this pilot program:
« Mi’kmaqg Nation hatchery and farm store buildings.
« Waterford Township town hall building.
» Dover-Foxcroft municipal building.
« TAincluded an initial REopt® analysis on behalf of each community based on community-
defined scenarios, followed by discussion and a re-analysis to address any questions or
follow-up considerations.
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REopt considers the trade-off
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Analysis Overview




Analysis Overview: Waterford

Engineers at the National Laboratory of the Rockies (NLR) are using REopt, a techno-
economic modeling tool for distributed energy systems, to evaluate the economic feasibility
of solar PV and battery energy storage systems (BESS) for cost-optimal and resilience
scenarios in Waterford, Maine.

« This screening considers site-specific data and financial parameters to identify cost-
optimal' behind-the-meter PV and BESS system sizes.

« This screening considers additions beyond the existing 8.6-kW solar tracking system.
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https://reopt.nrel.gov/

Analysis Framework and Scenarios
# [ScenarioType  [Descripton

0 Business as Usual Base case scenario with the existing 8.6-kW solar PV system.
1 Proposed Solar Expansion + Scenario with the existing 8.6-kW solar PV system plus an additional 8.6-kW
Batteries PV and any batteries (if beneficial).

Scenario to find the cost-optimal solar PV and battery capacities up to the 1-

2 Cost-Optimal Solar + Batteries MW net energy billing limit.

Resilience With Generator + Solar  Scenario to withstand a 1-week outage at 50% building load using the existing

+ Batteries PV and diesel generator plus additional PV and batteries (if beneficial).
4 Resilience With Solar + Batteries Scenano_ ’Fo withstand a 1 we_ek outage at 50% building load using existing PV
plus additional PV and batteries.
Estimated Time-of-Use (TOU) Scenario to find the cost-optimal solar PV and battery capacities with an
5 Rate: Cost-Optimal Solar + estimated TOU rate to examine the differences between a flat rate and a TOU
Batteries rate.

i i - Scenario to withstand a 1-week outage at 50% building load using existing PV
Estimated TOU Rate: Resilience » . : : .
6 ! : plus additional PV and batteries with an estimated TOU rate to examine the
With Solar + Batteries :
differences between a flat rate and a TOU rate.
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Results Summary: Waterford

Key Takeaways:
*The cost-optimal scenario plus the existing generator can meet Waterford’s resilience goals because the existing 80-kW generator is sufficient to withstand 168 outages, covering 50% of the

building load.
*BESS are not economical due to a lack of demand charges and TOU rates. However, compared to diesel generators, they offer multiple benefits, including emissions and pollutant reductions.

*The proposed new ~8.6-kW PV is less than cost-optimal. The optimal new PV capacity is 34 kW for the site.

*Results for all scenarios are presented in the Detailed Results section.

Parameter

PV Size

Battery Size
Capital Costs Before Incentives

Year 1 Total Utility Cost — Before
Tax

Payback Period

Net Present Value

Average Annual PV Generation

Annual PV Electricity (%
of electricity consumption)

Business

as Usual
8.6 kW

0 kW /0 kWh
N/A

$9,010

N/A
$0
10,576 kWh

20%

Proposed

Solar Expansion:

17 kW (8.6 kW new +
8.6 kW existing)

0 kW /0 kWh
$15,394

$9,123

6.53 years
$13,300
21,151 kWh

33%

42 KW (34 kW new + 8.6

kW existing)
0 kW /0 kWh

$60,441

$509

6.54 years
$52,170
52,097 kWh

100%

Resilience with
Generator (80 kW)?2

42 KW (34 kW new + 8.6

kW existing)
0 kW /0 kWh

$60,441

$509

6.54 years
$51,993
52,097 kWh

100%
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Analysis Overview: Dover-Foxcroft

Engineers at NLR are using REopt, a techno-economic modeling tool for distributed energy
systems, to evaluate the economic feasibility of solar PV and BESS for cost-optimal and
resilience scenarios in Dover-Foxcroft Municipal Building.

This screening considers site-specific data and financial parameters to identify cost-
optimal'! behind-the-meter PV and BESS system sizes.
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Analysis Framework and Scenarios
# |ScenarioType  [Descripton

0 Business as Usual Base case scenario
1 Cost-Optimal Solar + Batteries Scenario to find the cost-optimal solar PV and battery capacities
2 Cost-Optimal Solar + Batteries Scenario to f.InC.j the cost-optimal solar PV and battery capacities up to the
1-MW NEB limit
: : ) o . :
3 Resilience With Generator Sc.en.arlo to withstand a 1-week outage at 90% building load using the
existing backup generator
: : _ o :
4 Resilience Without Generator Scenario to withstand a 1-week outage at 90% total load using only new

PV and batteries
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Results Summary: Dover-Foxcroft

Key Takeaways:

* PV and batteries are cost-optimal for this location due to favorable conditions and demand charges.

+ Both resilience scenarios sustain the 50% critical load for 168 hours during the specified outage periods.

* Generator size is estimated at 90 kW; will update based on actual value.

Business as
Usual

Parameter

PV Size 0 kW

Battery Size 0 kW/ 0 kWh
Capital Costs Before Incentives N/A
NPV $0
Average Annual PV Generation 0 kWh
Average_AnnuaI Energy Supplied 115,336 KWh
From Grid

Annual PV Electricity (% 0%

of Electricity Consumption) °
Annual Utility Export (kWh) 0 kWh

Cost-Optimal Solar

+ Batteries

99 kW

5 kW /9 kWh

$186,868

$38,907
115,389 kWh

59,959 kWh

100%

59,959 kWh

Resilience With

Generator

99 kW

5 kW /9 kWh

$186,868

$38,907
115,389 kWh

59,959 kWh

100%

59,959 kWh

Resilience
Without Generator

100 kW

23 kW / 300 kWh

$336,870

-$58,972
116,610 kWh

50,980 kWh

100%

50,980 kWh
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Analysis Overview: Mi'kmaqg Farms

« Engineers at NLR are using REopt, a techno-economic modeling tool for distributed energy
systems, to evaluate the economic feasibility of solar PV and BESS for cost-optimal and

resilience scenarios for Mi‘kmaq Farms.

« This screening considers site-specific data and financial parameters to identify cost-
optimal®! behind-the-meter PV and BESS system sizes.

» This screening considers additions beyond the existing 312.5-kW AC solar PV system.
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Analysis Framework and Scenarios

0 Business as Usual Base case scenario with the existing 325-kW-DC solar PV system

1 ggtstte-lsi)éo;imal Solar + Scenario to find the cost-optimal solar PV and battery capacities

2 Resilience With Generator, Scenario to withstand a 1-week outage at 90% building load using the
Existing PV existing PV and propane generator

3 Resilience Without Scenario to withstand a 1-week outage at 90% total load using
Generator, Existing PV existing PV plus batteries

4 Resilience Without Scenario to withstand a 1-week outage at 90% total load using
Generator existing PV plus additional PV and batteries

Cori Scenario to determine the optimal sizes if Mi'lkmaq Farms were to go
S Oft-Grid completely off-grid
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Results Summary: Dover-Foxcroft

Key Takeaways:

«  With unlimited utility export and compensation, the optimal PV size is 991 kW. However, this may not be realistic, as Mi’kmagq Nation bill credits can only cover a limited
number of meters.

* The existing setup can withstand four weeklong outages to cover 90% of the system load.

* Results for all scenarios are presented in the Detailed Results section.

Business Cost-Optimal Solar + Resilience With Generator, | Resilience Without Generator,

Parameter as Usual Batteries Existing PV Existing PV

PV Size 325 KW existing | 2 kV\éé?;zlfv\'jvr\]’e‘jc‘)iSting " 325 kW existing 325 kW existing
Battery Size 0 kW /0 kWh 0 kW /0 kWh 0 kW /0 kWh 44 KW / 788 kWh
Capital Costs Before Incentives N/A $1,193,333 $0 $399,062
NPV $0 $1,351,191 -$311 (fuel costs) -$320,440
Average Annual PV Generation 368,080 kWh 1,124,278 kWh 368,080 kWh 368,080 kWh
Average Annual Energy Supplied From Grid 95,890 kWh 62,064 kWh 65,622 kWh 65,604 kWh
Annua!I PV Electricity.(% of 300% 918% 300% 300%
Electricity Consumption)

Annual Utility Export (kWh) 311,176 kWh 1,063,816 kWh 311,176 kWh 311,340 kWh
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Detailed Analyses and
Site-Specific Information




Site-Specific Input Data and
Assumptions: Waterford




Site Overview

Existing Generation and

Site Potential

Existing Solar System 8.6 kW ground-mount tracking
Proposed Solar System 8.6 kW ground-mount tracking
Land Space Available 13 acres

Existing Generator 80 kW
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Interval Load Data- Town Hall

Gross Load (kW)

35
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10
5
0
1/19/2024 3/9/2024 4/28/2024 6/17/2024 8/6/2024 9/25/2024 11/14/2024 1/3/2025
Annual Summary Statistics Notes:
» This data has two entries for each time: one assumed to be gross load, and one assumed to be the solar export. We
Minimum Load 0.0 kW use the gross load and indicate this to REopt during evaluation because REopt cannot take in negative load values.
Maximum Load 31.88 KW » REopt can take one year of hourly load data and always assumes that the data starts on January 1.
' + Data used from January 25, 2024—January 23, 2025, which included 35,040 time steps because 2024 was a leap year.
Average Load 4.81 kW + These 35,040 data entries were down-sampled to 8,760 samples of hourly data within REopt for the evaluation.
Total Energy Consumption 42,133 kWh
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Interval Load Data — Town Garage

Gross Load (kW)

O B, N W M 00 O N 00 ©

Jan-24 Feb-24 Mar-24 Apr-24 May-24 Jun-24 Jul-24 Aug-24 Sep-24 Oct-24 Nov-24 Dec-24

Annual Summary Statistics

Notes:
Minimum Load 0.00 kW « Assumed that this is the gross load (no exported power).
Maximum Load 775 kW * REopt takes one year of hourly load data and always assumes the data starts on Jan 1.
« Data used from dates Jan 1, 2024 — Dec 30, 2024, which resulted in 8760 load values.
Average Load 1.14 kW + Since 2024 was a leap year, December 31 data was removed, per REopt guidance.
Total Energy Consumption 9,965 kWh
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Interval Load Data — Total Load:
Town Hall Gross Load Plus Town Garage Load
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Hour
inimum L 0.03 KW Notes:
AL G : + All REopt evaluations used this load profile.
Maximum Load 5.95 kW *  The town hall data was down-sampled to hourly load data by finding the average load
1 KW value (kW) per hour, resulting in 8,760 values.
Average Load 306 The total load was then found as the sum of the town hall load and the town garage gross
Total Energy Consumption 52,098 kWh load values (kW).
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Electric Utility Rate

Central Maine Power (CMP), Small General Service(SGS) Secondary

Utility, Rate Name 1 Phase (CMP Website)

Fixed customer charge

($/month) $41.71

$0.2047/kWh = $0.098552/kWh CMP rate + $0.106128/kWh standard offer

Energy charges ($/kWh) supplier rate

Demand charges ($/kW) None

Net energy billing limit 1 MW

Net energy billing rate $0.204101/kWh (small commercial original tariff rate, 2025: Maine Public Utilities
($/kWh) Commission)’

1This assumes that Waterford cannot be compensated for excess grid exports beyond annual grid purchases.
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https://www.cmpco.com/documents/40117/115962041/sgs.pdf/7de0c762-982d-c551-559b-b01e8a4b96cc?t=1735611913294
https://www.maine.gov/mpuc/regulated-utilities/electricity/neb
https://www.maine.gov/mpuc/regulated-utilities/electricity/neb

Electric Utility Rate — Estimated TOU Rate

Utility, Rate Name CMP, SGS Secondary 1 Phase (CMP website)
Fixed customer charge
($/month) $41.71
On-peak (7 $0.24173/kWh = $0.132431/kWh CMP on-peak rate’ + $0.1093/kWh
Energy a.m.-8 p.m.)  (standard offer supplier rate * 1.03%)
charges
($/kWh) Off-peak (8  $0.10422/kWh = $0.063740/kWh CMP off-peak rate’ + $0.04048/kWh

p.m.-7 a.m.) (standard offer supplier rate * (1.03/2.7)?)

Demand charges ($/kW) None

Net energy billing (NEB)
limit

1 MW

$0.204101/kWh (small commercial original tariff rate, 2025: Maine Public
Utility Commission) **

NEB rate ($/kWh)

" The CMP delivery TOU rates are based on of the CMP residential TOU rate for delivery.
gfﬁﬁ"gﬁ“&? Sjﬁi‘genzﬁcriﬁﬁvﬁﬂﬁrﬂs 2 The supply TOU rates are based on the assumption that on-peak is 1.03x standard and 2.7x off-peak. Reference.
& 3 This assumes that Waterford cannot be compensated for excess grid exports beyond annual grid purchases.
4 We assume that the NEB rate does not change in this scenario due to the limitations discussed on Slide 28.



https://www.cmpco.com/documents/40117/115962041/sgs.pdf/7de0c762-982d-c551-559b-b01e8a4b96cc?t=1735611913294
https://www.maine.gov/mpuc/regulated-utilities/electricity/neb
https://www.maine.gov/mpuc/regulated-utilities/electricity/neb
https://www.cmpco.com/documents/40117/46387176/atou%2B2%2B12.30.22.pdf/47645237-1eee-27f0-42b4-1f2e184c336e?t=1673283570495
https://www.brattle.com/wp-content/uploads/2021/05/17904_a_survey_of_residential_time-of-use_tou_rates.pdf

Techno-Economic
Assumptions:
Waterford




Financial Assum

vtions

Technologies evaluated

Assumption

Solar PV + battery storage

Objective

Minimize life cycle cost (electricity purchased from the grid, as well as the cost
of purchase, installation, and operations and maintenance [O&M] for a
photovoltaic system)

Ownership models

Direct purchase via appropriations

Analysis period

25 years (standard analysis period and conservative life estimate)

Host discount rate (nominal)

6.38% (REopt default)

Electricity cost escalation rate
(nominal)

2.70% for Maine, per National Institute of Standards and Technology (NIST)
Energy Escalation Rate Calculator (2025 start date)

Host effective tax rate

Direct ownership: 26% tax rate

O&M cost escalation rate

2.5% (REopt default)

U.5. DEPARTMENT | QOffice of Critical Minerals

of ENERGY | and Energy Innovation



https://pages.nist.gov/eerc/
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Resilience Assumptions

Input Assumption

Number of outages 4 outages

Outage duration (hours) 168 hours (1 week)

February 2 (7 a.m.), 2024, February 25, 2024 (5 p.m.), June 15, 2024 (5 a.m.),
and October 24, 2024 (9 p.m.)

Outage start hours

Critical load profile type Percentage of typical building load

Critical load factor (%) 50%
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Technology Assumptions: Solar PV

Solar PV Inputs Assumption

Technology resource PV production factors obtained for Waterford’s location using PV\Watts®

System type Ground-mount one-axis tracking

DC-to-AC ratio 1.2 (REopt default)

System losses 14% (REopt default)

Tilt Variable for ground-mount one-axis tracking

Azimuth 180° assumed for ground-mount

Capital costs $1,790/kW-DC (REopt default)

O&M costs $18/kW-DC/y (REopt default)

Incentives Direct ownership: 30% Investment Tax Credit (ITC); no modified accelerated cost
recovery program (MACRS); zero bonus depreciation
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https://pvwatts.nrel.gov/
https://pvwatts.nrel.gov/

Technology Assumptions: Battery

Battery type Lithium-ion (REopt’s default battery type—efficient and long-lasting)
AC-AC round-trip efficiency 89.9% (97.5% internal, 96% inverter, 96% rectifier)
Minimum state of charge 20% (battery charge is managed to stay above this typical minimum)

Initial state of charge 50% (the charge at the start of the analysis period, before system charging

begins)
Capital costs $910/kW + $455/kWh (REopt default)
Replacement costs (year 10) $715/kW + $318/kWh (REopt default)
Allow the utilit id to ch th
ow the utility grid to charge the Ves

battery along with PV?

Investment Tax Credit incentive,

Di hip: 30% ITC; no MACRS; iati
MACRS depreciation irect ownership: 30% ITC; no MACRS; zero bonus depreciation
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Detailed Results:
Waterford




Detailed Results: PV Plus BESS Normal Operation

Key Takeaways:

* The proposed new ~8.6 kW PV is less than cost-optimal. The optimal new PV capacity is 34 kW.
* Under normal operating conditions (not resilience), BESS do not provide economic advantages, likely due to the absence of demand

charges and TOU rates as well as the favorable net energy billing policies.
« Estimated TOU rate results in the same optimal technology sizes as the existing flat rate for normal operating conditions.

Parameter

PV Size

Battery Size
Total Upfront Capital Cost Before Incentives'

Technology Capital Costs Plus Replacements,

After Incentives!

Total Life Cycle Costs

Year 1 Total Utility Cost — Before Tax
Outage Fuel Costs

NPV

Internal Rate of Return

Simple Payback Period

Average Annual PV Energy Production
Average Annual Energy Supplied From Grid

Annual PV Electricity (% of Electricity
Consumption)

Avoided Carbon Dioxide Equivalent (CO.e)
Emissions Throughout Analysis Period
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Business as Usual

8.6 kW

0 kW /0 kWh

N/A

$0

$129,659
$9,010
N/A
$0
N/A
N/A
10,576 kWh
45,601 kWh

20%

N/A

Proposed Solar

Cost-Optimal Solar and

Expansion2 Batteries?
17 kW (8.6 kW new + 8.6 kW 42 kW (34 kW new + 8.6 kW
existing) existing)

0 kW /0 kWh 0 kW /0 kWh
$15,394 $60,441
$11,053 $43,396
$97,445 $58,566
$6,844 $509
N/A N/A
$13,291 $52,170
15.4% 15.4%
6.53 years 6.54 years
21,151 kWh 52,097 kWh
42,488 kWh 38,990 kWh
33% 100%

34 tonnes 135 tonnes

Estimated TOU Rate

42 kKW (34 kW new + 8.6 kW

existing)

0 kW /0 kWh

$60,441
$43,396

$27,282
-$2,080
N/A
$49,297
15.0%

6.72 years
52,097 kWh
38,990 kWh

100%

135 tonnes

Note: Capital costs include battery replacement costs in year 10.




Detailed Results: Resilience

Key Takeaways:

» The cost-optimal scenario plus the existing generator can meet Waterford's resilience goals because the existing 80 kW generator is

sufficient to withstand 168-outages, covering 50% of the building load.
» While batteries do not provide an economic advantage over the existing generator, they have numerous other benefits.

» Estimated TOU rates can improve the economic performance but still result in a negative net present value.

Parameter

PV Size

Battery Size
Total Upfront Capital Cost Before Incentives

Technology Capital Costs Plus Replacements,
After Incentives

Total Life Cycle Costs
Year 1 Total Utility Cost — Before Tax

Outage Fuel Costs
NPV

Internal Rate of Return
Simple Payback Period

Average Annual PV Energy Production

Average Annual Energy Supplied From Grid

Annual PV Electricity (% of Electricity
Consumption

Avoided CO,e Emissions Throughout Analysis
Period

U.5. DEPARTMENT | QOffice of Critical Minerals
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Business as Usual

8.6 kW

0 kW /0 kWh
N/A

$0

$129,659
$9,010
N/A
$0
N/A
N/A

10,576 kWh
45,601 kWh

20%

N/A

Resilience With Generator

Resilience Without

(80 kW) Generator
42 kW (34 KW new + 8.6 kKW 43 kW (34 kW new + 8.6 kW
existing) existing)

0 kW /0 kWh 19 kW /276 kWh
$60,441 $203,978
$43,396 $160,188
$77.,667 $175,430

$509 $508
$177 $0
$51,993 -$64,694
15.4% N/A
6.54 years >25 years
52,097 kWh 52,590 kWh
38,990 kWh 33,868 kWh
100% 100%
135 tonnes 135 tonnes

67 kW (58 kW new + 8.6 kW

existing)

15 kW /259 kWh

$235,385

$181,600

$108,748
-$7,199
N/A
-$32,169
3.1%
19.29 years
81,829 kWh

56,304 kWh
108%

137 tonnes

Note: Capital costs include battery replacement costs in year 10.




Detailed Results: All Scenarios

Resilience Without | Estimated TOU
Generator Rate

Resilience with
Generator (80 kW)

Cost-Optimal Solar
and Batteries

Business as

Proposed Solar

Parameter .
Usual Expansion

—_— 8.6 KWV 17 KW (8.6 KW new + 42 KW (34 kW new + 42 kW (34 kW new + 43 kW (34 KW new + 42 kW (34 kW new 67 kW (58 kW new + 8.6

ize i 8.6 kW existing) 8.6 kW existing) 8.6 kW existing) 8.6 kW existing) + 8.6 kW existing) kW existing)
Battery Size OKW/OkWh |  0KkW/0KwWh 0 kW /0 kWh 0 kW /0 kWh 19 kW / 276 KWh 0 kW / 0 kWh 15 kW / 259 kWh
e 2T (T (S8 N/A $15,394 $60,441 $60,441 $203,978 $60,441 $235,385
Before Incentives
Technology Capital Costs +
Replacements, After $0 $11,053 $43,396 $43,396 $160,188 $43,396 $181,600
Incentives
Total Life Cycle Costs $129,659 | $97,445 $58,566 $77,667 $175,430 $27,282 $108,748
Year 1 Total Utility Cost - $9,010 $6,844 $509 $509 $508 -$2,080 $7,199
Before Tax
Outage Fuel Costs N/A | N/A N/A $177 $0 N/A N/A
NPV $0 | $13,291 $52,170 $51,993 -$64,694 $49,297 -$32,169
Internal Rate of Return N/A | 15.4% 15.4% 15.4% N/A 15.0% 3.1%
Simple Payback Period N/A | 6.53 years 6.54 years 6.54 years >25 years 6.72 years 19.29 years
Average Annual PV Energy pgevrgnyms 21,151 kWh 52,097 kWh 52,097 kWh 52,590 kWh 52,097 kWh 81,829 kWh
Production
AOEIDEITEY A1 45,601 KWh 42,488 KWh 38,990 kWh 38,990 kWh 33,868 kWh 38,990 kWh 56,304 kWh
Supplied From Grid

o

IV A S EEE 57 (26 20% 33% 100% 100% 100% 100% 108%
Electricity Consumption)
Sl GOy Emls_smns_ N/A 34 tonnes 135 tonnes 135 tonnes 135 tonnes 135 tonnes 137 tonnes
Throughout Analysis Period
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Site-Specific Input
Data and
Assumptions: Dover-
Foxcroft




Site Overview

Site Potential

Roof space available 18,726 ft?

Existing generator 90-kW diesel generator

Note from discussion: “Generator is
oversized, could probably run three
buildings off this generator.

Peak estimated demand = 30 kW, so
assumed that the generator is 90 kW.”
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Simulated Load Profile

35

Electric Load (kW)

0
0 1000 2000 3000 4000 5000 6000 7000 8000

Hour of the Year

Modeled based on the typical energy load profile of a small office, scaled based on the Dover-Foxcroft
Municipal Building’s monthly electric usage.
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Utility, Rate Name CMP, Medium General Service Secondary (MGS-S) Three Phase

Fixed customer charge $297.9/month

($/month)

Energy charges ($/kWh) $0.101568/kWh: $0.011418/kWh rate + $0.09015/kWh adjustments
Demand charges ($/kW) $15.79/kW in July and August; $14.55/kW in all other months

NEB limit (kW) 5,000 kW

Compensation rate for grid
exports ($/kWh)

Compensation for excess
export beyond annual grid $0.101568/kWh (net metering bill credits applied to other Dover-Foxcroft meters)
purchases ($/kWh)

$0.101568/kWh (net metering bill credits)
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Techno-Economic
Assumptions: Dover-
Foxcroft




Financial Assum

vtions

Technologies evaluated

Assumption

Solar PV + battery storage

Objective

Minimize life cycle cost (electricity purchased from the grid, as well as the cost
of purchase, installation, and O&M for a photovoltaic system)

Ownership models

Direct purchase via appropriations

Analysis period

25 years (standard analysis period and conservative life estimate)

Host discount rate (nominal)

6.38% (REopt default)

Electricity cost escalation rate
(nominal)

2.70% for Maine, per NIST Energy Escalation Rate Calculator (2025 start date)

Host effective tax rate

Direct ownership: 26% tax rate

O&M cost escalation rate

2.5% (REopt default)
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Resilience Assumptions

Input Assumption

Number of outages 4 outages

Outage duration (hours) 168 hours (1 week)

November 28, 2024 at 4 a.m., April 11, 2024 at 3 a.m., July 10, 2024 at 3 a.m.,
November 25, 2024 at 4 a.m.

Outage start hours

Critical load profile type Percentage of typical building load

Critical load factor (%) 50%
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Technology Assumptions: Solar PV

Solar PV Inputs Assumption

Technology resource PV production factors obtained for Mi'kmaq Farm’s location using PV\Watts

System type Rooftop fixed

DC-to-AC ratio 1.2 (REopt default)

System losses 14% (REopt default)

Tilt Variable for ground-mount one-axis tracking

Azimuth 180° assumed for ground-mount

Capital costs $1,790/kW-DC (REopt default)

O&M costs $18/kW-DCly (REopt default)

Incentives Direct ownership: 30% ITC; 5-year MACRS; 60% bonus depreciation (REopt defaults)
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Technology Assumptions: Battery

Battery type Lithium-ion (REopt’s default battery type—efficient and long-lasting)
AC-AC round-trip efficiency 89.9% (97.5% internal, 96% inverter, 96% rectifier)
Minimum state of charge 20% (battery charge is managed to stay above this typical minimum)

o , , ,
Initial state of charge 50% (the charge at the start of the analysis period, before system charging

begins)
Capital costs $910/kW + $455/kWh (REopt default)
Replacement costs (year 10) $715/kW + $318/kWh (REopt default)
Allow the utility grid to charge the Ves
battery along with PV?
Investment Tax Credit incentive, Direct ownership: 30% ITC; 7-year MACRS; 60% bonus depreciation (REopt
MACRS depreciation defaults)
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Detailed Results:
Dover-Foxcroft




Detailed Results: All Scenarios

Parameter

PV Size

Battery Size

Total Upfront Capital Cost Before
Incentives

Technology Capital Costs +
Replacements, After Incentives

Total Life Cycle Costs
NPV
Internal Rate of Return

Simple Payback Period

Average Annual PV Energy
Generation

Average Annual Energy Supplied
From Grid

Annual Utility Export (kWh)

Annual PV Electricity (% of Electricity
Consumption

Avoided CO,e Emissions Throughout
Analysis Period

Business as Usual

0 kW
0 kW /0 kWh
N/A
N/A
$265,302
$0
N/A
N/A
0 kWh
115,336 kWh
0 kWh
0%

N/A

Cost-Optimal Solar +

Batteries

99 kW
5 kW /9 kWh
$186,868
$99,667
$205,107
$38,907
9.5%
9.37 years
115,389 kWh
59,959 kWh
59,959 kWh
100%

375 tonnes

Resilience With Generator

99 kW
5 kW /9 kWh
$186,868
$99,667
$226,693
$38,907
9.5%
9.37 years
115,389 kWh
59,959 kWh
59,959 kWh
100%

375 tonnes

Resilience Without
Generator

100 kW
23 kW /300 kWh
$336,870
$219,667
$302,985
-$58,972
3.3%
18.83 years
116,610 kWh
50,980 kWh
50,980 kWh
100%

379 tonnes
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Site-Specific Input
Data and
Assumptions: Mi'’kmagqg
Farms




Site Overview

Existing Generation and

Value

PV Design Data Value

Total number of PV 764

Site Potential

Existing solar system 324.70 kW-DC modules

Peak power 324.70 kW-DC
Land space available 4 acres Number of PV 5

inverters
Existing generator 20 kKW propane Nominal AC power of  312.50 kW-AC

764 modules/panels, the PV inverters
according to AC active power 312.50 kW

interconnection Active power ratio 96.2%
i 1
agreement with Versant' "y 1 al energy yield  405.73 MWh

Interconnection limit

Per communication with solar engineer. He also indicates that the site could fit 46 more panels (19.55 kW-DC) if the utility allows it.
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Interval Load Data — Store

14

12

-
o

Gross Load (kW)

2

0
1/29/2024 0:00 3/19/2024 0:00  5/8/2024 0:00  6/27/2024 0:00  8/16/2024 0:00  10/5/2024 0:00 11/24/2024 0:00 1/13/2025 0:00

Annual Summary Statistics Notes:

*  We assume that this is the gross load that does not include solar generation.

Minimum Load (kW) SO *  REopt can take one year of hourly load data and always assumes that the data starts on January 1.
Average Load (kW) 3.95 kW Data used from February 1, 2024—January 31, 2025, which included 35,040 time steps because
Maximum Load (kW) 14.32 kKW 2024 was a leap year.

Total Energy Consumed (kWh) 34,634 kWh *  These 35,040 data entries were down-sampled to 8,760 samples of hourly data within REopt for

the evaluation.
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Interval Load Data — Hatchery

14

12

-
o

Gross Load (kW)
(0 0]

2

0

1/29/2024 0:00  3/19/2024 0:00

Minimum Load (kW)

Average Load (kW)

Maximum Load (kW)

Total Energy Consumed (kWh)

5/8/2024 0:00

Annual Summary Statistics Notes:

0.00 kW
10.03 kW
13.84 kW
87,892 kWh

6/27/2024 0:00 8/16/2024 0:00  10/5/2024 0:00 11/24/2024 0:00 1/13/2025 0:00

*  We assume that this is the gross load that does not include solar generation.
*  REopt can take one year of hourly load data and always assumes that the data starts on January 1.

+  Data used from February 1, 2024—-January 31, 2025, which included 35,040 time steps because
2024 was a leap year.

*  These 35,040 data entries were down-sampled to 8,760 samples of hourly data within REopt for
the evaluation.
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Sc!nterval Load Data — Total Load

= N N
&) o (&)

-
o

Gross Load (kW)

0

1/19/2024 0:00  3/9/2024 0:00  4/28/2024 0:00 6/17/2024 0:00  8/6/2024 0:00  9/25/2024 0:00 11/14/2024 0:00 1/3/2025 0:00

Annual Summary Statistics Notes:

Minimum Load (kW) 0.00 kW

Average Load (kW) 13.99 kW
Maximum Load (kW) 25.92 kW .
Total Energy Consumed (kWh) 122,526 kWh

This load profile was used for all simulations.

Data is the sum of the store and hatchery load averaged across each hour.

We assume that this is the gross load that does not include solar generation.

REopt can take one year of hourly load data and always assumes that the data starts on January 1.

. Data used from February 1, 2024—January 31, 2025, which included 8,760 timesteps because
2024 was a leap vear.
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Electric Utility Rate

Utility, Rate Name Versant Power, Rate B-1 Business Eco Rate
Fixed customer charge $39.88/month ($16.61/month public policy charge + $23.27/month distribution
($/month) customer charge)

$0.23108/kWh ($0.11285/kWh [standard offer supply rate] + $0.11823/kWh [Versant
Energy charges ($/kWh) delivery: $0.06489/kWh distribution $0.00172/kWh stranded cost + $0.04865/kWh
transmission + $0.00641/kWh conservation])

Demand charges ($/kW) N/A

NEB limit (kW) 5,000 kW

Compensation rate for grid
exports ($/kWh)

Compensation for excess
export beyond annual grid $0.23108/kWh (net metering bill credits applied to other Mi’lkmag Nation meters)

purchases ($/kWh)

$0.23108/kWh (net metering bill credits)
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Techno-Economic
Assumptions: Mi'’kmagqg
Farms




Financial Assumptions

Input Assumption

Technologies evaluated Solar PV + battery storage

Obiective Minimize life cycle cost (electricity purchased from the grid, as well as the cost
) of purchase, installation, and O&M for a photovoltaic system)

Ownership models Direct purchase via appropriations

Analysis period 25 years (standard analysis period and conservative life estimate)

Host discount rate (nominal) 6.38% (REopt default)

E| — lati
ectricity cost escalation rate 2.70% for Maine, per NIST Energy Escalation Rate Calculator (2025 start date)

(nominal)
Host effective tax rate Direct ownership: 26% tax rate
O&M cost escalation rate 2.5% (REopt default)
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Resilience Assumptions

Input Assumption

Number of outages 4 outages

Outage duration (hours) 168 hours (1 week)

November 1, 2024 (3 p.m.), April 24, 2024 (12 p.m.), August 6, 2024 (6 a.m.),
and November 2, 2024 (12 p.m.)

Outage start hours

Critical load profile type Percentage of typical building load

Critical load factor (%) 90%
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Technology Assumptions: Solar PV

Solar PV Inputs Assumption

Technology resource PV production factors obtained for Mi'kmaq Farm’s location using PV\Watts

System type Ground-mount one-axis tracking

DC-to-AC ratio 1.04 (calculated from existing system)

System losses 14% (REopt default)

Tilt Variable for ground-mount one-axis tracking

Azimuth 180° assumed for ground-mount

Capital costs $1,790/kW-DC (REopt default)

O&M costs $18/kW-DCly (REopt default)

Incentives Direct ownership: 30% ITC; 5-year MACRS; 60% bonus depreciation (REopt defaults)

U.5. DEPARTMENT | QOffice of Critical Minerals
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Technology Assumptions: Battery

Battery type Lithium-ion (REopt’s default battery type—efficient and long-lasting)
AC-AC round-trip efficiency 89.9% (97.5% internal, 96% inverter, 96% rectifier)
Minimum state of charge 20% (battery charge is managed to stay above this typical minimum)

% (the ch h f th lysi ' f hargi
Initial state of charge 50% (the charge at the start of the analysis period, before system charging

begins)
Capital costs $910/kW + $455/kWh (REopt default)
Replacement costs (year 10) $715/kW + $318/kWh (REopt default)
Allow the utility grid to charge the Yes
battery along with PV?
Investment Tax Credit incentive, Direct ownership: 30% ITC; 7-year MACRS; 60% bonus depreciation (REopt
MACRS depreciation defaults)
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Detalled Results:
Mi'kmaqg Farms




Parameter

PV Size

Battery Size

Total Upfront Capital Cost
Before Incentives
Technology Capital Costs +
Replacements, After
Incentives

Total Life Cycle Costs

NPV

Internal Rate of Return
Simple Payback Period
Average Annual PV Energy
Generation

Average Annual Energy
Supplied From Grid

Annual Utility Export (kWh)
Annual PV Electricity (% of
Electricity Consumption)

Avoided CO,e Emissions
Throughout Analysis Period

Business as
Usual

325 kW existing

0 kW /0 kWh
N/A

$0

-$610,973
(utility export
benefit)
$0
N/A
N/A

368,080 kwh'

95,890 kWh

311,176 kWh

300%

N/A

Cost-Optimal Solar
+ Batteries

991 kW (325 kW
existing + 667 kW
new)

0 kW /0 kWh
$1,193,333

$618,970

-$1,962,163
(utility export benefit)

$1,351,191
20.1%
4.5 years

1,124,278 kWh

62,064 kWh

1,063,816 kWh

918%

2,466 tonnes

Resilience With
Generator,
Existing PV

325 kW existing

0 kW /0 kWh
$0

$0

-$605,930 (utility
export benefit)

-$311 (fuel costs)
N/A
0 years

368,080 kWh

65,622 kWh

311,176 kWh

300%

0 tonnes

Resilience Without

Generator,
Existing PV

325 kW existing

44 KW / 788 kWh
$399,062

$320,948

-$290,532
-$320,440

N/A
>25 years

368,080 kWh

65,604 kWh

311,340 kWh

300%

0 tonnes

Resilience Without
Generator

991 kW (325 kW

existing + 667 kW
new)

42 kW / 198 kWh
$1,321,423

$722,848

-$1,858,412
$1,247,440

18.3%
4.89 years

1,124,278 kWh

62,034 kWh

1,063,832 kWh

918%

2,466 tonnes

420 kW (325 kW

existing + 96 kW new)

68 kW / 876 kWh
$631,958

$459,857

$549,322
N/A

N/A
N/A

476,682 kWh

N/A

N/A

100%

N/A

of ENERGY | and Energy Innovation




Detailed Results: Off-Grid

Parameter

Off-Grid (Existing PV)

PV Size 420 kW (325 kW existing + 96 kW new)
Battery Size 68 kW / 876 kWh

Annual Site Load 122,526 kWh

Annual Load Met 100%

Total Upfront Capital Cost Before $631,958
Incentives ’

Technology Capital Costs +
Replacements, After Incentives $459,857

Total Life Cycle Costs $549,322
Levelized Cost of Energy $0.364/kWh

O&M Costs $89,465

Average Annual PV Energy 476.682 KWh
Generation ’

Annual PV Electricity (% of 100%
Electricity Consumption)

CO,e Emissions Throughout

Analysis Period 0 tonnes

325 kW existing

79 KW /1,193 kWh
122,526 kWh
100%

$614,688

$494,702

$563,785

$0.373/kWh

$69,082

368,080 kWh
100%

0 tonnes
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Detailed Results: Off-Grid System Performance
Example
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How To Re-Run REopt

Steps to change input data for re-
running the scenarios, if necessary



Uploading a Load Profile

Typical Load Profiles

Manage your typical loads

X Upload a new load X Download

L Visualize HE View load stats.

© File upload info | Download load profile template

— BV EGIGEL I —

https://reopt.nrel.gov/tool/typical load profiles

Upload a Typical Load Profile

* Custom typical load profile @ Choose File |total_load_profile.csv

* Year of load profile @ 2024

e

Upload Typical Load Profile

total_load_profile.csv
town_garage_load_profile.csv
town_hall_load_profile.csv

town_hall_load_profile_15min.csv

U.5. DEPARTMENT | QOffice of Critical Minerals

of ENERGY | and Energy Innovation


https://reopt.nrel.gov/tool/typical_load_profiles

Adding a Custom Utility Rate

https://reopt.nrel.gov/tool/custom tariffs

Custom Rate Builder

This Custom Electricity Rate Builder allows you to create a detailed custom electricity rate that varies by time period.

= Start by entering a name for the custom rate. Once you have named, created and saved detailed custom rates, these names will show up in the
"Select Custom Rate” dropdown menu on the main input page and can be selected to be applied to an optimization. An optional description can
also be entered in order to assist in identifying a custom rate.

s Enter each separate rate into the Rate Periods tables for both Energy Charges and Demand Charges. If the rate for a time period includes usage
tiers, add tier(s) to that period and enter the maximum energy purchases allowed in the tier(s). The final tier will have unlimited maximum usage.

= After you have defined the Rate Periods, use the Weekday and Weekend Schedule Tables to select the months/times when each period applies.
When you have selected a block of time cells, a popover will appear with a dropdown menu so that you can select the relevant period for those
cells.

* Name

Description

Fixed monthly charge ($/day) @

Upload rate as JSON @ Choose File |No file chosen >

[ Load rate from Utility Rate Database for editing

. CMP SGS Single Phase TOU json

. CMP 5G5S Single Phase,json

[ Add a facility demand charge

U.5. DEPARTMENT | QOffice of Critical Minerals
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Modifving Input Data

Utilities  (required)

* Reqired field To modify the
Electricity Rate electricity rate,
T S0 choose a new
SR custom rate, after

O Annual © Monthly @ Detailed O URDB Label O Hourly Upload

* Select custom rate ‘ CMP SGS Single Phase v.‘ U p|Oad y |n th |S bOX

Create new custom rate

Jlll Load Profiles  (required) o

* Required field

v

= Typical electrical load @
How would you like to enter the typical energy load profile?

To modify the load
profile, select a new
* Custom load profile total_load_profile (2024) v custom load prOfile,
after upload, in this

pox

Upload and manage your typical load profiles

A Simulate Building I Simulate Campus X Upload

v

I Chart uploaded load data

U.5. DEPARTMENT | QOffice of Critical Minerals
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Modifying Net Energy Billing
Unfortunately, the REopt web tool does not

allow us to change the NEB rates.

Electricity Rate

* Electricity rate @

* Select custom rate

Compensation for Exported Electricity @

Compensation type @

Net Metering Inputs

# Net metering system size limit (kW) @
Technologies that can net meter @

Maximum ratio of grid exports to grid purchases that can receive net
metering compensation @

Compensation for excess export beyond annual grid purchases ($/kWh)
2]
Net Billing Inputs

* Net billing compensation for all exports ($/kWh) @

Technologies that can participate in net billing @

* Required field

Use custom electricity rate (7]

O Annual © Monthly ® Detailed O URDB Label O Hourly Upload
CMP SGS Single Phase v

Create new custom rate

Net metering and net billing options v

@ Py

100%

[J Net billing rate varies with time? (2]

PV

Net metering may impose a limit where
the entity cannot be compensated for
exports beyond 100% of their annual
energy use. However, this compensates
the entity at the full retail rate with no
options to reduce the rate.

NEB allows us to set the rate of
compensation below the retail rate but
does not allow us to impose an export limit,
which causes the results to falsely assume
that the entity can be compensated for
exports beyond 100% of their annual
energy use. This results in solar systems
sized for grid export, not for local entity
use.
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Questions

Jesse Dugan (Jesse.Dugan@NLR.gov)
Jamie Lopp (Jamie.Lopp@NLR.gov)
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Appendix




Glossary

Name | Abbreviation

Life cycle cost

Net present value

Investment tax credit

Modified accelerated cost
recovery program

Cost-effective

LCC

NPV

ITC

MACRS

Includes the present cost of all capital (and battery
replacement), O&M costs, the value of available incentives,
and electric grid purchases throughout the analysis period.

NPV is calculated as the LCC savings in the investment
case relative to the business-as-usual case.

The ITC allows eligible entities to receive a tax credit
(typically 30% of a project’s eligible basis) that can be used
to reduce upfront capital costs.

MACRS is an accelerated depreciation schedule that
allows tax-paying entities to realize tax savings from
claiming depreciation more quickly (typically over 5—7
years), instead of over an asset’s useful life.

The project has a positive NPV at the end of the analysis
period.
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